ABSTRACT Mark-release-recapture experiments were conducted to determine the duration of the gonotrophic cycle of Anopheles albitarsis s.l. in Ribeira Valley, State of Sao Paulo, Brazil. Separate experiments with females collected from the Þeld were followed under laboratory conditions. A mean of 2.4 d was characteristic for the gonotrophic cycle for wild-caught females, whereas 4.4 d was characteristic for females in the laboratory conditions.
THE DURATION OF the gonotrophic cycle in mosquitoes has been deÞned as the period between the blood meal and oviposition. Some authors (Fernandez-Salas et al. 1994 ) include the host-seeking period, in which case, but only for species with gonotrophic concordance, the gonotrophic cycle spans the interval between two blood meals. For species that show gonotrophic discordance, the duration of the gonotrophic cycle can be extended to include multiple blood meals. Panday (1977) studied the gonotrophic cycle of Anopheles nuneztovari Gabaldó n under laboratory conditions and showed that the Þrst cycle requires 5 d and successive cycles 4 d. The 4-d gonotrophic cycle assumed for Venezuelan Nyssorhynchus species under laboratory conditions (Rubio-Palis et al. 1994 ) is considerably longer than that reported by Charlwood and Alecrim (1989) for Anopheles darlingi Root in Brazil. The latter authors used capture-release-recapture experiments to determine the duration of the gonotrophic cycle and obtained an average of 2.3 d between the release and recapture of engorged females. Kakitani and Forattini (2000) , studying Anopheles albitarsis s.l. of Sao Paulo, Brazil, under Þeld conditions, reported values of around 2.0 d for the gonotrophic cycle duration.
Ninety-Þve percent of the malaria cases in Brazil occur in the Amazonic region, all of them transmitted by Nyssorhynchus species. The main species involved are An. darlingi, An. albitarsis s.l., Anopheles aquasalis Curry, and An. nuneztovari. Although An. albitarsis s.l. has been considered a less important species in malaria transmission (Deane 1986) , it has been found infected with Plasmodium species (Oliveira-Ferreira et al. 1990 , Povoa et al. 2000 . In addition, Anopheles marajoara Galvão & Damasceno, one of the species of the complex An. albitarsis s.l. has been incriminated as the main malaria vector in the State of Amapá, north of Brazil (Segura 1998) . In the State of Sao Paulo, Forattini et al. (1993) demonstrated the abundance of An. albitarsis s.l. populations in rice irrigation ponds and suggested the possibility of increase of the vectorial capacity of those species at Ribeira Valley.
The high adaptation of An. albitarsis s.l. to the artiÞcially modiÞed environment has increased mosquito-human contact. Moreover, the possible role of this mosquito as a vector of Plasmodium spp. is receiving increased attention. In the study reported here, we measured the duration of the gonotrophic cycle of An. albitarsis s.l., under both laboratory and Þeld conditions, our objective was to use this information to estimate the number of bites/female/day, which is an important factor for the estimation of vectorial capacity (Dye 1992) .
Materials and Methods
The study was made on the Fazenda Experimental do Instituto Agronô mico de Campinas farm, located at 24Њ 30Ј S and 47Њ 50Ј W, in Pariquera-Aç u county at Ribeira Valley, SP, Brazil, during the summer of 2000. This farm is located 200-km southeast of Sao Paulo City and covers 256 ha, including 11 ha for rice irrigation. Average annual rainfall is 2,250 mm, temper- ature ranges between 18 and 25ЊC, and the relative humidity is consistently 80% (Forattini et al. 1993) .
Previous entomological studies on the same area revealed the presence of two species of the An. albitarsis s.l complex., namely An. albitarsis s.s. and An. albitarsis B (Wilkerson et al. 1995 ). In the current study, however, we were not equipped to perform a random ampliÞed polymorphic DNA-polymerase chain reaction (RAPD-PCR) to distinguish the species of this complex. Instead, we identiÞed each species by the percentage of the dark part of the second tarsomere of the posterior leg (Forattini et al. 1995) and found that An. albitarsis B comprised 94.7% of Anopheles spp. in this region.
Field Collections. The duration of the gonotrophic cycle in the Þeld was deÞned as the interval between two blood meals, including the host-seeking period. Four experiments of mark-release-recapture were conducted in March 2000. Individual females were attracted by light sources inside two Shannon traps and collected by four members of our staff (two in each trap), using small-hand aspirators. Collections were made for 2 h, beginning at sunset. Female mosquitoes were taken to the laboratory in cages. On the following day, the mosquitoes were allowed to bloodfeed to repletion on restrained chickens or mice; human blood-feeding was allowed for females that did not feed on animals. Mosquitoes were then sorted by species, counted, and marked with ßuorescent dust. Females were released after sunset at the border of rice paddies. Mosquitoes released on 14 and 30 March were yellow-marked, and those released on 15 and 28 March were blue-marked. Recapture of mosquitoes was made by human bait collection, with small-hand aspirators and without allowing the mosquitoes bite Þeld staff, during eight consecutive nights. On each night, mosquitoes were collected from four sites, located 100 m from the release point. Mosquitoes thus captured were transported alive to the laboratory, anesthetized, and examined under a stereomicroscope using UV light. Marked female mosquitoes were dissected to determine physiological age (Detinova 1962) .
Laboratory Collections. The duration of the gonotrophic cycle under laboratory conditions is deÞned here as the interval between the blood meal and oviposition. Females were captured in Shannon traps, using the technique described above, for 2 h beginning at sunset on 12 January 2000. Temperature was 25Ð 31ЊC, relative humidity was Ͼ90%, and photoperiod was 12:12 (L:D) h to mimic Þeld conditions during Brazilian summer. All female mosquitoes were placed individually into oviposition glass tubes with wet cotton and Þlter paper. Each female was allowed to blood-feed to repletion one time on a human host and then monitored daily until oviposition occurred. Subsequently, they were removed into a second tube, blood-fed, and monitored for the next oviposition. The differences in duration of gonotrophic cycles were compared by analysis of variance, using Statistica 4.5 for Windows and 5% as the signiÞcance level, followed by 2 ϫ 2 comparisons using the Mann-Whitney test (StatSoft 1994).
Results
Field Conditions. In total, 1,068 An. albitarsis s.l. females were engorged, marked and released, 27 (2.5%) of which were recaptured during the four nights after release. The recaptures occurred predominantly on nights 2 (13 females) and 3 (eight females). All marked females were dissected; 23 (85% of the recaptured females) showed uncontracted ovarian sacs or follicular dilatations (Fig. 1) .Four females did not show sacs but ovarioles were in ChristophersÕ stage (Detinova 1962 ) II or III; three of the females had ovarioles with parasites, probably Cryptosporidium spp. Because these parasites may interfere with vitellogenesis, infected females were excluded from analysis. The characteristics of gonotrophic cycle of mosquitoes in the Þeld are shown in Fig. 2a .
Laboratory Conditions. One hundred and seventynine female An. albitarsis s.l. were collected in the Þeld and blood-fed. Subsequently, 78 females (43.6%) died without laying eggs and 101 females (56.4%) had at least one oviposition. Among these, 73 females (72.28%) had only one oviposition, 21 (20.79%) had two, and seven (6.93%) had three ovipositions. Characteristics of the gonotrophic cycle of mosquitoes in the laboratory are shown in Fig. 2b . The mean duration of the gonotrophic cycle, considering all cycles, was 4.4 d Ϯ 1.3 d. We observed a shortening of subsequent gonotrophic cycles in the laboratory with means times of 4.6, 3.8 and 4.0 d for the Þrst, second and third cycles, respectively (P Ͻ 0.05). The duration of the second and third cycles was not statistically different (P ϭ 0.64).
Discussion
Our estimates of the gonotrophic cycle length assume that females are in gonotrophic concordance and that the time between subsequent cycles is the same. According to Kakitani and Forattini (2000) , An. albitarsis s.l. shows gonotrophic concordance if females have a complete blood meal. Lounibos et al. (1998) reported that one blood meal is sufÞcient to each gonotrophic cycle for Nyssorhynchus species.
The mean duration of the oviposition cycle for An. albitarsis s.l. under Þeld conditions (2.4 d) was similar to that described by Kakitani and Forattini (2000) . Those authors used the method described by Davidson (Davidson 1954 ) and reported 1.990 d for An. albitarsis s.s. and 2.046 d for An. albitarsis species B; their method does not include the appetential ßight period, which ours does. The values for gonotrophic cycle estimated in our study are similar to those determined by Charlwood and Alecrim (1989) who also used mark-release-recapture experiments for An. darlingi (2.3 d).
Under laboratory conditions we found that the gonotrophic cycle of An. albitarsis s.l. required 4.4 d. This time is similar to that reported for An. nuneztovari (Panday 1977) and for Nyssorhynchus Venezuelan species (Rubio-Palis et al. 1994) .
The results of our study suggest that the gonotrophic cycle in An. albitarsis s.l. may be signiÞcantly longer in the laboratory than in the Þeld (4.4 versus 2.4 d, P Ͻ 0.05, respectively). Given agreement between our results and previous reports for Þeld and laboratory conditions (Panday 1977 , Charlwood and Alecrim 1989 , Rubio-Palis et al. 1994 and Kakitani and Forattini 2000 , there is a biologically signiÞcant difference between the estimates of gonotrophic cycle length based on laboratory or Þeld observations. We found that subsequent gonotrophic cycles were shorter than the Þrst under laboratory conditions, a characteristic suggested previously by Panday (1977) . It could be postulated that sugar deprivation, limited space, and other conditions related to conÞnement could adversely affect the duration of the gonotrophic cycle and contribute to its increase, whereas the reduction of subsequent cycles may indicate an accommodation to laboratory stresses.
It is important to emphasize that we had no information about the reproductive past of the females collected in the Þeld for this study. Thus, it was not possible to determine if all (or the majority) of the females were nulliparous. This may represent another possible source of bias in the estimates of gonotrophic cycle length under laboratory and Þeld conditions. However, we expect this factor affects both estimates similarly, as females for both experiments were captured in the Þeld.
Our results suggest disagreement exists between estimates of the gonotrophic cycle obtained in the laboratory compared with the Þeld. This question needs to be clariÞed in subsequent studies comparing the duration of gonotrophic cycles in the laboratory and the Þeld by comparing large numbers of females captured in the Þeld or bred in laboratory (in the latter case, to avoid the bias of the unknown reproductive history of those females).
The human biting habit is a product of the gonotrophic cycle duration times the anthropophily, and is an important component of vectorial capacity. Vectorial capacity is a crucial parameter for estimating the risk of malaria transmission in nonendemic areas. In this regard, we wonted prefer to use entomological parameters that best approximate Þeld conditions, thus insuring accurate estimate of vectorial capacity.
